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DESCRIPTION OF MAP UNITS

SURFICIAL DEPOSITS

Artificial fill (Holocene)—Unconsolidated soil, sand, gravel, 
and crushed rock used primarily to construct dams im-
pounding small streams in southwest part of quadrangle

Alluvial and mass wastage deposits

Alluvium (Holocene and Pleistocene)—Unconsolidated silt, 
sand, and gravel along Speelyai, Buncombe Hollow, and 
Cedar Creeks and smaller streams; poorly sorted to well-
sorted, crudely stratified to well laminated, locally cross-
stratified. Unit includes small alluvial fans along south 
shore of Lake Merwin

Talus deposits (Holocene and Pleistocene)—Unsorted accu-
mulations of angular bedrock blocks, some as large as 5 m 
across. Chiefly rockfall and rock-avalanche deposits. 
Largest deposits cover lower parts of glacially steepened 
slopes such as the north face of Green Mountain, east face 
of Dunegan Mountain, south wall of Speelyai Creek val-
ley and south side of Chelatchie Prairie

Landslide deposits (Holocene and Pleistocene)—Diamictons 
of angular bedrock and (or) surficial material transported 
down slope en masse. Chiefly deep-seated, semi-coherent 
slumps and internally disrupted rockslide, earthflow, and 
debris-flow deposits. Many mapped slides head at arcuate 
scars and exhibit subhorizontal tops, bulbous toes, and 
hummocky, poorly drained surfaces

Lake deposits (Holocene and Pleistocene)—Thin-bedded to 
finely laminated, clay, silt, and fine-grained sand; dark-
gray to black, locally organic rich. Underlie small area in 
southwest part of map area that is east end of drained 
Fargher Lake of Ariel quadrangle (Evarts, 2004b); tephro-
chronology, radiocarbon ages, and pollen analysis indicate 
these deposits range in age from about 20,000 to at least 
55,000 years old (Grigg and Whitlock, 2002). Small un-
mapped outcrops of lake beds locally present along Cedar 
Creek, shore of Lake Merwin, and on west flank of Dune-
gan Mountain

Deposits of Mount St. Helens volcanic center

Deposits of Cougar eruptive stage (Pleistocene)—Complex 
assemblage of unconsolidated sand and gravel predomi-
nantly composed of dacitic debris from Mount St. Helens. 
Forms fill at least 70 m thick in valley of Speelyai Creek; 
thinner deposits locally exposed along shores of Lake 
Merwin from Woodland Park eastward, unconformably 
overlying Amboy Drift (Qat and Qao). Consists of poorly 
sorted pebbly to bouldery lahar and lahar-runout deposits 
interbedded with alluvium (Major and Scott, 1988). Most 
beds contain clasts of light-colored, coarsely porphyritic 
quartz-biotite dacite, hornblende-cummingtonite dacite, 
and hypersthene-hornblende dacite similar to that erupted 
prior to and during the Cougar eruptive stage (M.A. 
Clynne, oral communication, 2002), about 21,000-18,000 
14C years B.P. (Crandell, 1987). Major and Scott (1988) 
obtained an age of 22,720±1,400 14C years B.P. from char-
coal in alluvium near top of the Speelyai fill, consistent 
with a Cougar age

Deposits of Ape Canyon eruptive stage (Pleisto-
cene)—Unconsolidated sand and gravel consisting largely 
of light-colored, quartz- and biotite-bearing dacite clasts; 
exposed along north shore of Lake Merwin west of Wood-
land Park and in dissected terrace near east end of the 
lake. Overlies Amboy drift (Qat and Qao). At mouth of 
Rock Creek, includes poorly sorted bed probably deposit-
ed by debris flow; exposure to west consists of 10-12 m of 
stratified pebbly pumiceous gravel and sand of alluvial 
origin (Major and Scott, 1988). Poorly exposed area east 
of Lake Merwin includes several meters of tephra as well 
as sandy alluvium. All clasts in these deposits are derived 
from distinctive, coarsely porphyritic, quartz- and biotite-
bearing dacite of the kind erupted from Mount St. Helens 
during the Ape Canyon eruptive stage (approximately 
36,000 to 50,000 14C years B.P. according to Crandell, 
1987) and at earlier times (Evarts and others, 2003)

Glacial deposits

 Amboy Drift (Pleistocene)—Moderately weathered till and 
glaciofluvial deposits (Mundorff, 1984) characterized by 
weathering profiles about 2 m thick, development of 
weathering rinds 1 to 2 mm thick on aphanitic andesitic 
clasts in upper part, and, in northern part of map area, 

widespread presence of quartz-, biotite, and cumming-
tonite-bearing dacite clasts derived from the ancestral 
volcanic center at Mount St. Helens. Based on weather-
ing characteristics, Amboy Drift is correlative with Hay-
den Creek Drift, which Crandell and Miller (1974) inter-
preted to be the product of the penultimate glaciation in 
the Washington Cascade Range. Age poorly known; es-
timates range from about 50 ka to greater than 300 ka 
(Crandell and Miller, 1974; Crandell, 1987; Colman and 
Pierce, 1981; Dethier, 1988, Grigg and Whitlock, 2002, 
Evarts, 2004b); plagioclase from tephra bed beneath till 
near crest of Green Mountain yielded 40Ar/39Ar age of 
250±36 ka (table 2)

—Outwash—Poorly consolidated pebbly to cobbly gravel 
and sand that underlies Chelatchie Prairie and semi-con-
tinuous terrace remnants above floodplain of Cedar 
Creek. As thick as 66 m beneath Chelatchie Prairie. De-
posits moderately weathered, crudely stratified, moder-
ately sorted to well sorted; commonly weakly cemented 
by limonite or clay. Composed mostly of well-rounded 
clasts of diverse volcanic rocks, some with grooved or 
striated surfaces, similar to those in associated till (Qat). 
Interpreted as glaciofluvial deposits deposited during 
retreat of Lewis River glacier in late Pleistocene time. 
Terrace surfaces along Cedar Creek near south boun-
dary of quadrangle are about 90 m higher than Che-
latchie Prairie and form the north end of south-sloping 
valley fill that must be somewhat older than outwash to 
north

—Till—Unconsolidated to compact, massive diamicton 
mantling much of map area to elevations as high as 
1850 ft (560 m). As much as 15 m thick; in several pla-
ces observed to rest on surface of glacially smoothed 
and striated bedrock. Consists of angular to rounded 
clasts up to boulder size, some grooved or striated, dis-
persed in matrix of sand, silt, and clay; locally includes 
stratified drift, ice-contact deposits, outwash, lake de-
posits, loess, and postglacial colluvium. Unoxidized till 
light brownish- to bluish-gray. Composed chiefly of di-
verse volcanic rocks similar to Tertiary rocks of the 
western Cascade Range, but locally contains clasts sim-
ilar to middle Pleistocene olivine-phyric basalts and ba-
saltic andesites erupted from monogenetic vents in the 
Lewis drainage upstream from quadrangle (Evarts and 
Ashley, 1990a, 1991); conspicuous light-colored clasts 
of coarsely porphyritic quartz-, cummingtonite-, and bi-
otite-bearing dacite of the type erupted from the ances-
tral Mount St. Helens volcanic center (Crandell, 1987) 
are a minor component in some till, especially north of 
Lake Merwin

Drift of Mason Creek (Pleistocene)—Highly weathered, 
reddish-brown, bouldery till and gravel in southwest 
part of map area. Weathering rinds on aphanitic andesit-
ic clasts as thick as 1 cm or more; some clasts as large 
as 8 cm across completely decomposed. Similar to in-
formal drift of Mason Creek in adjacent Ariel quadran-
gle (Evarts, 2004b)

BEDROCK

Intrusive rocks

Diorite (Miocene and (or) Oligocene)—Scattered small in-
trusions, chiefly sills, of fine- to medium-grained, light- 
to dark-green pyroxene diorite and microdiorite. Unit 
includes medium-grained hypidiomorphic granular 
rocks and finer grained aphyric and porphyritic rocks 
with pronounced fabrics. Composed of plagioclase, au-
gite, hypersthene, and Fe-Ti oxide accompanied by less 
than 10 percent interstitial quartz; amygdules or miaro-
litic cavities locally common. Slight to intense deuteric 
alteration to zeolites, carbonates, and clay minerals

Diorite of Chelatchie Prairie (Miocene or Oligo-
cene)—Plug-like intrusion of fine- to medium-grained, 
seriate, hypersthene quartz diorite underlying conical 
hill at southwest end of Chelatchie Prairie. Contains 
phenocrysts of plagioclase (about 25-30 percent; up to 
3 mm long), hypersthene (2-3 percent; 1 mm across), 
and sparse augite (<0.5 percent; 1 mm across), in a 
coarse-grained intergranular groundmass of plagioclase, 
pyroxene and Fe-Ti oxide

Diorite of Dunegan Mountain (Miocene or Oligo-
cene)—Complex sill-like(?) intrusion of augite diorite 
centered on Dunegan Mountain; massive, blocky-joint-
ed, dark greenish gray, weathering to light gray. Medi-

um- to coarse-grained, seriate to hypidiomorphic granular 
rock composed of plagioclase (about 60-65 percent; 1-2 
mm across; partly replaced by stilbite and smectite), au-
gite (about 15-20 percent; 0.5-1 mm across), Fe-Ti oxide 
(about 3 percent; 0.25 mm across), and interstitial quartz 
typically intergrown with fine-grained feldspar (about 15-
20 percent) and enclosing apatite needles

Diorite of Buncombe Hollow (Miocene or Oligo-
cene)—Large, multiphase, sill-like intrusion, nearly 150 
m thick, of pyroxene diorite and microdiorite exposed on 
ridge between Lake Merwin and Buncombe Hollow Creek. 
Mostly dark- to medium-gray or greenish-gray, medium- 
to fine-grained, porphyritic to seriate rocks composed of 
plagioclase (50-60 percent; 1-3 mm long), augite (as much 
as 20 percent; 0.5 -1 mm across), hypersthene (0-6 per-
cent; 0.5-1 mm across), olivine (0-3 percent; 0.5 -1 mm 
across; totally altered to smectite, serpentine, calcite), and 
Fe-Ti oxide (1-2 percent; 0.2-0.5 mm across) with minor 
interstitial quartz, smectite, and local traces of brown 
hornblende; some phases of intrusion coarser grained, 
with crystals of plagioclase as long as 8 mm and pyroxene 
as large as 3 mm across

Intrusive basalt (Eocene)—Dike of olivine-phyric basalt ex-
posed in roadcut along State Route 503 directly west of 
Rock Creek; petrographically similar to and possibly feed-
er for nearby flow of olivine-phyric basalt (Tob)

Intrusive basaltic andesite (Eocene)—Several dikes of nearly 
aphyric basaltic andesite, as wide as 7 m, exposed in road-
cut along State Route 503 west of mouth of Speelyai 
Creek, and a similar dike near mouth of Rock Creek. Con-
tain sparse plagioclase phenocrysts and olivine and augite 
microphenocrysts in trachytic to pilotaxitic groundmass

Intrusive andesite (Eocene)—Dike of sparsely porphyritic an-
desite cutting volcaniclastic rocks along south shore of 
Lake Merwin. Contains phenocrysts of plagioclase (1.9 
percent; 0.5 to 1 mm long), augite (0.5 percent; 0.5 to 1 
mm across), and hypersthene (0.2 percent; 0.5 mm long) 
and microphenocrysts of Fe-Ti oxide in a microphyric, pi-
lotaxitic groundmass

Volcanic and sedimentary rocks

Basaltic andesite of Elkhorn Mountain (Oligo-
cene)—Sequence of tholeiitic basaltic andesite and basalt 
flows and flow breccia in southern part of quadrangle; 
unit extends about 65 km south to Camas (R.C. Evarts, un-
pub. mapping). Flows are dark-gray to brown, porphyritic 
to seriate to aphyric, locally columnar-jointed, typically 
about 5-8 m thick. Typical porphyritic flows contain phe-
nocrysts and glomerocrysts of weakly zoned plagioclase 
(0-45 percent; 1 to 6 mm, locally more than 10 mm long; 
variably replaced by zeolites and (or) clay) and olivine 
(<3 percent; 0.5 to 1 mm across; commonly partly resor-
bed and surrounded by rinds of granular pyroxene and (or) 
magnetite; invariably replaced by some combination of 
smectite, hematite, carbonate, serpentine, quartz and kao-
linite). Some flows also contain phenocrysts of augite (<2 
percent; 0.5 to 3 mm across) and microphenocrysts of Fe-
Ti oxide; a few also contain phenocrysts of hypersthene, 
(<1 percent; 0.5 to 1 mm long). Groundmass consists of 
plagioclase, augite, Fe-Ti oxide, and minor to abundant in-
terstitial glass (generally devitrified or replaced by smec-
tite, quartz, or calcite); groundmass textures chiefly inter-
granular to trachytic, less commonly subophitic, interser-
tal, or microphyric. Many flows in unit abundantly plagio-
clase-phyric, as reflected in Al2O3 contents greater than 19 
wt percent, and have probably accumulated excess feld-
spar. All flows in unit are tholeiitic and relatively poor in 
Sr (mostly <320 ppm but higher in plagioclase-accumula-
tive lavas) compared to mafic rocks elsewhere in southern 
Washington Cascade Range (Evarts, 2001, 2002, 2004a, b; 
R.C. Evarts, unpub. data). Base of unit is slight angular 
unconformity; whole-rock 40Ar/39Ar ages of approximately 
27 Ma were obtained for unit in Yacolt quadrangle to 
south (R.J. Fleck, written commun., 2005)

Andesite (Oligocene and Eocene)—Flows and flow breccia of 
medium- to dark-gray, variably vesicular, aphyric to por-
phyritic pyroxene andesite. Unit locally includes small 
flows of basaltic andesite and dacite and thin volcaniclas-
tic interbeds. Typical andesite contains phenocrysts of pla-
gioclase (1-35 percent; 1-5 mm long), augite (0-5 percent; 
<0.5 to 3 mm across), hypersthene (0-6 percent; <0.5 to 3 
mm long), Fe-Ti oxide (≤0.5 percent; <0.5 mm across), 
and rare altered olivine (≤2 percent; as large as 2 mm 
across) in an intergranular, intersertal, pilotaxitic, hyalopi-
litic or cryptocrystalline groundmass; some sparsely por-
phyritic andesites lack augite or hypersthene or both. Al-
teration similar in mineralogy and intensity to that descri-
bed for basaltic andesite (Tba)

Basaltic andesite (Oligocene and Eocene)—Flows and flow 
breccia of dark-gray to brown, porphyritic to seriate to 
aphyric basaltic andesite; unit locally includes minor an-
desite and basalt flows and volcaniclastic rocks too small 
or poorly exposed to map. Typical flows contain phenoc-
rysts of plagioclase (0-45 percent; 1-2 mm, rarely to 5 mm 
long), olivine (as much as 7 percent; 0.5-2 mm across; 
commonly partly resorbed and surrounded by rinds of 
granular pyroxene and (or) magnetite; almost invariably 
replaced by some combination of smectite, hematite, car-
bonate, serpentine, and quartz; commonly contains minute 
inclusions of chromian spinel) and augite (as much as 5 
percent; 0.5-3 mm across); some flows lack olivine and 
(or) augite phenocrysts; many contain microphenocrysts 
of Fe-Ti oxide and a few contain phenocrysts of hyper-
sthene (as much as 2 percent; 0.5-1 mm long). Intergranu-
lar to trachytic groundmass consists of the same minerals 
plus minor interstitial glass (mostly altered to smectitic 
clay, quartz, or calcite)

Volcaniclastic sedimentary rocks (Oligocene and Eo-
cene)—Diverse assemblage of continental volcaniclastic 
rocks of inferred epiclastic origin. Consist of thin- to 
thick-bedded, well-sorted to poorly sorted siltstone, sand-
stone, conglomerate, and breccia, all composed of volcan-
ic debris. Locally includes thin beds of pumiceous pyro-
clastic rocks and lava flows too small or poorly exposed to 
map. Beds most commonly light green to olive green or 
greenish-gray but also white, tan, or brown. Texturally 
and compositionally immature; most abundant clasts are 
volcanic rocks petrographically similar to interbedded 
lava flows and tuffs; other components include plagio-
clase, Fe-Ti oxide, and pyroxene crystals, pumice, vitric 
ash, fine-grained dioritic rocks, and plant remains. Inter-
preted as debris eroded from older and penecontemporane-
ous volcanoes and deposited by normal fluvial and lacus-
trine processes in low-lying medial to distal intervolcano 
environments. Typically display intense alteration to as-
semblages of clay minerals, zeolites (chiefly heulandite-
clinoptilolite and laumontite), quartz, calcite, hematite, ce-
ladonite

Tuff (Oligocene and Eocene)—Heterogeneous unit composed 
of light-green to brown andesitic to rhyolitic tuff, pumice- 
and lithic-lapilli tuff, and tuff breccia; very poorly sorted, 
matrix-supported, relatively coarse-grained deposits pre-
dominate; inferred to be mostly of pyroclastic-flow and la-
har origin but doubtless includes some airfall tuff and re-
worked debris. As mapped, includes sequences of tuffa-
ceous rocks interbedded with and gradational to subordi-
nate pumice-poor epiclastic sedimentary rocks. Phenoc-
rysts generally constitute less than 10 percent of juvenile 
material in tuff, and include plagioclase, augite, hyper-

sthene, and Fe-Ti oxide, but no quartz, amphibole or bio-
tite. Alteration similar in character to that described for 
volcaniclastic sedimentary rocks (Tvs). Tuff in southern 
part of quadrangle generally more porphyritic, lithic-poor, 
and more densely welded than in most other areas; con-
tains as much as 25 percent rounded and broken phenoc-
rysts of plagioclase as well as minor brown hornblende. 
40Ar/39Ar ages of 33.4±0.4 Ma and 33.0±0.1 Ma (table 2) 
were obtained from plagioclase in welded tuffs from 
southern part of quadrangle

Dacite (Oligocene and Eocene)—Scattered flows and flow 
breccia of variably porphyritic dacite; platy, typically 
flow-banded, and commonly vesicular; largely restricted 
to south half of quadrangle. Contain phenocrysts of pla-
gioclase (5-20 percent; 1-3 mm long) and, in most sam-
ples, hypersthene (1-2 percent; 0.5-1 mm long), and augite 
(≤2 percent; 0.5-1 mm across), and microphenocrysts of 
Fe-Ti oxide (<0.5 percent) in a pilotaxitic, hyalopilitic, 
cryptocrystalline, or spherulitic groundmass. Commonly 
exhibits minor to pervasive low-temperature alteration, 
which imparts green, pink, purple, and brown colors; fine-
grained alteration assemblages include quartz, calcite, al-
bite, clinoptilolite, hematite, montmorillonite, kaolinite, 
and titanite

Tuff of Davis Peak, outflow facies (Eocene)—Bed of por-
phyritic, densely welded, dacitic tuff exposed on south 
side of Cedar Creek at west edge of map area. As much as 
30 m or more thick. Interpreted as outflow facies of pyro-
clastic deposits filling Davis Peak caldera in adjacent 
Ariel quadrangle, where an 40Ar/39Ar age of 35.1±0.3 Ma 
was obtained from this unit (Evarts, 2004b)

Olivine basalt (Eocene)—Dark-gray, porphyritic to seriate ba-
salt with olivine as the sole or dominant phenocryst phase. 
Olivine phenocrysts (as much as 10 percent; 0.5-3.0 mm 
across) partly to completely replaced by smectite ± hema-
tite; contain numerous tiny octahedral chromian spinel in-
clusions. Some samples also contain a few plagioclase 
phenocrysts. Intergranular to trachytic groundmass com-
posed of plagioclase, augite, Fe-Ti oxide, and interstitial 
glass devitrified or altered to smectite; groundmass of one 
flow (table 1, no. 1) contains fine-grained phlogopite. 
Smectite and zeolite fill irregular microvesicles. Lenticu-
lar exposure, as thick as 150 m, on north slope of Green 
Mountain includes abundant brick-red scoriaceous ag-
glomerate

Basalt (Eocene)—Isolated flows of aphyric to porphyritic pla-
gioclase-phyric basalt in northern part of quadrangle. Por-
phyritic flows contain phenocrysts of plagioclase (as much 
as 20 percent; 1-3 mm long) and olivine (to 3 percent; 1-3 
mm across; contains small inclusions of chromian spinel) 
in intergranular to trachytic groundmass of feldspar, au-
gite, Fe-Ti oxide, minor olivine, and interstitial smectite

Plagioclase-phyric basalt (Eocene)—Flow of distinctive, 
dark-gray, coarsely and densely porphyritic basalt crop-
ping out on steep valley walls of Speelyai Creek; as much 
as 30 m thick and more than 4 km long. Contains abundant 
large phenocrysts of plagioclase (15-45 percent; up to 10 
mm long) and altered olivine (<0.5 percent; 1-2 mm 
across) in coarse-grained intergranular groundmass of 
feldspar, pyroxene, Fe-Ti oxide, minor altered olivine, and 
interstitial smectite

Contact—Dashed where approximately located; short-dashed 
where inferred; dotted where concealed

Fault—Dashed where inferred; dotted where concealed. Ball 
and bar on downthrown side. Arrows show relative hori-
zontal movement. o, relative motion toward viewer; x, rel-
ative motion away from viewer

Strike and dip of beds

Strike and dip of compaction foliation in pumiceous lapilli 
tuff

Strike and dip of platy parting in lava flows

Sample locality for chemical analysis—See table 1

Sample locality for 40Ar/39Ar age determination and age in 
Ma (±1-σ  error)—See table 2

Relative motion of faults on cross section—x denotes motion 
away from viewer; dot denotes motion towards viewer
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